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Abstract 
 
The curtain wall system is widely used in high-rise buildings because of its many advantages. With the increasing demands for 
building energy efficiency, thermal performance has become an important consideration in developing curtain wall systems. Even 
though the relative impact of the edge effect becomes more important as the thermal performance of glazing and the frame increases, 
the percentages of the frame out of the total curtain wall area have not been considered in evaluating its thermal transmittance. 
The purpose of this paper is to evaluate the effect of the frame ratio on the thermal transmittance of the curtain wall system. 
The state of the curtain wall frame ratio is analyzed by investigating recently constructed office buildings. Eight cases of 
different frame ratios and three types of glazing U-values are selected, and the total thermal transmittance of the curtain wall (Ucw) 
for each case was calculated by using TRISCO 12.0W. This study found that when the higher frame ratio is applied to the curtain 
wall system, the thermal transmittance of curtain wall is higher. Furthermore, the frame ratio has greater effect on the thermal 
transmittance of curtain wall when high performance glazing is applied to the curtain wall system. It is recommended that the 
certificates of a curtain wall system should show the frame ratio that was applied during testing or the accurate Ucw value considering 
actual frame ratio should be submitted for more reasonable building energy simulation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
Buildings account for around 40% of the total primary energy consumption in most International Energy Agency 
(IEA) countries. As a building envelope has a great effect on the energy performance of a building, high-performance 
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fenestration has been considered to be one of the most important energy efficient measures. This is 
especially true in the case of a glass curtain wall system, which is widely used as a building envelope 
system in modern buildings because of its structural stability, light weight, high quality in manufacturing, 
fast construction, and cost reduction. Due to increasing demands for the improvement of building energy 
efficiency, the thermal performance of the glass and frame in the curtain wall system has also been 
considered to be significant. For decades, the thermal performance of glass has been remarkably improved 
by the use of low-e coating, multiple panes, and inert gas. The thermal transmittance of the frame has 
also gradually decreased through improvements in the frame profile and materials. 
The overall thermal transmittance of the curtain wall is determined by the thermal performance of filling 
elements (glazing units, opaque panels) and frames (mullion, transom) as well as the edge effect by 
thermal interaction between these elements. Thermal interactions between the filling elements and frames 
can be investigated by two or three dimensional analysis. While curtain wall frames represent relatively 
lower percentages of the overall curtain wall area, their impact on its overall thermal transmittance may 
be much larger. Even if the same types of glass and frames are used in the same area of the curtain wall, 
the overall thermal transmittance can vary according to the number of frames. Therefore, measurement 
and calculation standards [1-4] specify that the specimen sizes might be typical of those found in practice 
for general application. However, due to the limitation of cost and time for performance evaluation, 
the results for standardized test specimens may be used as input values for thermal transmittance of a 
curtain wall in a building energy performance simulation without considering the frame ratio in practical 
use. For example, in Korea, 2,000mm × 2,000mm of a test specimen is usually used. The frame ratio 
is about 11.7% of those dimensions, but the ratio can vary according to the number of mullions and 
transoms in practical building design. This can introduce a discrepancy in determining the real value 
of the overall thermal transmittance and, thus, the energy performance of the building. 
The purpose of this paper is to investigate how much of a discrepancy can affect the evaluation of 
the thermal performance of curtain wall systems. We investigated this discrepancy by evaluating the effect 
of the frame ratio on the overall thermal transmittance. The state of curtain wall frame ratios was 
analyzed by investigating recently constructed office buildings. Eight different frame ratios and three 
types of glass were selected based on the state-of- the art analysis. The paper compared the thermal 
transmittances of 24 cases calculated from numerical simulations according to international standards, 
such as ISO 12631. 
 
 
2. State of the curtain wall frame ratio in recently constructed buildings 
 
To investigate the state of curtain wall frame ratios, 30 office buildings were selected from 287 office 
buildings that had applied to obtain building energy efficiency certificates in Korea. These buildings were  
 
  
Fig. 1. Curtain wall frame ratios of recently constructed buildings 
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constructed between 2010 and 2013. Eighteen of the buildings were located in the central climate zone 
and 12 of the buildings were located in the southern climate zone in Korea. In total, 31 curtain wall 
systems were analyzed from 30 buildings, because one of the selected buildings has two different curtain 
wall systems depending on the orientation. Frame ratios were calculated by the percentage of the frame 
area out of the total curtain wall area. 
The most frequent frame width was 60 mm and the average ceiling height was The most frequent 
frame width was 60 mm and the average ceiling height was approximately 2,945 mm. Depending on the 
façade design, there are two or three transoms between each floor and the distances between each 
mullion ranges from 600 to 1,950 mm. Twenty six out of 31 cases have 900~1,600 mm of distance 
between each mullion. Fig. 1 shows the calculated frame ratios of 31 curtain wall systems. Ninety percent 
of cases have 9~13% frame ratios. The average aspect ratio of the curtain wall modules is about 1:1.2SGas 
shown in Fig. 2. 
 
 
 
3. Evaluation of thermal performance of curtain wall systems 
 
3.1. Method 
In order to analyze the difference of thermal transmittance according to the frame ratio, several 
simulation cases were set up. As mentioned above, since the average ceiling height was 2,945 mm, a 
9,600 mm (w) × 2,940 mm (h) of the curtain wall area was assumed. The width of the curtain wall area 
was decided by the least common multiple of frequent distances between each mullion. According to the 
numbers of inner mullions and transoms, the simulation cases for frame ratios were set up from 5.7 to 
15.1% as shown in Table 1. 
 
Table 1. The frame ratios in curtain wall systems 
 
 
Type of variables 
Case 
A B C D E F G H 
Frame ratio (%) 5.7 6.9 7.9 9.6 11.6 12.8 13.9 15.1 
The number of inner mullions 5 7 2 5 5 7 9 11 
The number of inner transoms 0 0 2 2 3 3 3 3 
Fig. 2. Module size of curtain wall system in constructedbuilding
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Case D (9.6%), case E (11.6%), F (12.8%), G (13.9%), and H (15.1%) are within the scope of Fig. 1. 
In particular, case E is similar to the frame ratio of the test specimen for measuring thermal 
transmittance of the curtain wall according to KS 2278. Case A (5.7%), B (6.9%), and C (7.9%), 
which have lower frame ratios compared to the current state in Fig. 1, were assumed to simulate the 
steel frame curtain wall systems. Because the steel frame is stronger than the conventional aluminum 
frame, it can make larger modules, which increase façade glass areas and lower total transmittance. 
Since the effect of the frame ratio on the total curtain wall thermal transmittance might vary 
according to the glazing, three simulation cases of glazing were also set up as shown in Table 2. Type 
1 and 2 denote the glazing consisting of two 6mm glass panes separated by a 12mm wide gap filled with 
argon. The innermost glass of Type 1 has a single low emissivity coating facing the glazing cavity, but 
those of Type 2 have a double low emissivity coating. Type 3 is the same as Type 2, but the cavity 
between two panes is filled with air. 
 
Table 2. The types of glazing U-values 
 
Type Coating Infilling gas Ug (W/m²K) İ 
1 double low-e Argon 1.19 0.025 
2 single low-e Argon 1.36 0.082 
3 single low-e Air 1.72 0.082 
 
 
A steel curtain wall frame was selected for simulation, and the thermal transmittance of 24 simulation 
cases were calculated according to the procedures specified in ISO 12631[4]. ISO 12631 specifies a 
procedure for calculating the thermal transmittance of curtain wall structures and the calculation results 
can be used to compare the thermal transmittance of different types of curtain walls or as part of the input 
data for calculating the energy performance of a building [4]. According to the component assessment 
method of ISO 12631, the overall thermal transmittance of a curtain wall was calculated by the equation 
below. Linear thermal transmittance is used by the values in ISO 12631 or based on ISO 10077-2 [5]. 
 
 
 
 
 

Nomenclature 

Ucw thermal transmittance of the curtain wall 
Ug, Up thermal transmittance of glazing and panel 
Uf, Um, Ut thermal transmittances of frames, mullions and transoms 
Ȍf,g, Ȍm,g, Ȍt,g, Ȍp linear thermal transmittances due to the combined thermal effects of glazing unit 
or panel and frame or mullion or transom 
Ȍm,f, Ȍt,f  linear thermal transmittances due to the combined thermal effects of 
frame-mullion and frame-transom 
lf,g, lm,g, lt,g, lp length of connection between the glazing unit or panel and frame or mullion or 
transom 
lm,f, lt,f, length of frame-mullion and frame-transom 
Acw, Ag, Af, Am, At area of curtain walling, glazing, frames, mullion, transom 
௖ܷ௪ ൌ
ߑܣ௚ ௚ܷ ൅ ߑܣ௣ܷ௣ ൅ ߑܣ௙ ௙ܷ ൅ ߑܣ௠ܷ௠ ൅ ߑܣ௧ ௧ܷ ൅ ߑ݈௙ǡ௚ߖ௙ǡ௚ ൅ ߑ݈௠ǡ௚ߖ௠ǡ௚ ൅ ߑ݈௧ǡ௚ߖ௧ǡ௚ ൅ ߑ݈௣ߖ௣ ൅ ߑ݈௠ǡ௙ߖ௠ǡ௙ ൅ ߑ݈௧ǡ௙ߖ௧ǡ௙
ܣ௖௪
G
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
Physibel TRISCO 12.0w was used to calculate heat flow rate through the curtain wall frame, glazing, 
and thermal interaction between the frame and glazing. The simulations were performed at steady-state 
conditions at a temperature of 20°C and 0°C at the indoor and outdoor sides, respectively. These 
boundary conditions are defined by KS F 2278, which is the Korean standard for determining the thermal 
transmittance of windows and door by the guarded hot-box method. Data of the material using a composed 
curtain wall system are obtained from manufacturers or ISO 10077-2. Fig. 3 shows a modeling and 
simulation result of the steel frame. 
 
 
3.2. Results and discussion 
 
 
 
Fig. 4. Differences of Ucw according to the frame ratio and Ug 
 
Fig. 4 illustrates the calculated Ucw according to eight cases of the frame ratio and three cases of 
glazing. Ucw increases as the frame ratio increase, and this effect is greater in glazing with high Ug. For 
example, in the case of Type 1 glazing (1.19 W/m2K), the Ucw of case H increased by 22% compared 
with Case A, and the difference between the two cases is 0.309 W/m2K. In the case of Type 3 glazing 
(1.72 W/m2K), the Ucw increased by 18% (0.277 W/m2K). This indicates that the frame ratio has a 
greater effect on the Ucw when the high performance of glazing is applied to the curtain wall system. 
As mentioned above, case E is similar to the frame ratio of test specimen for measuring the thermal 
transmittance of the curtain wall according to KS 2278. As shown in Fig. 3, the Ucw of case A and case E 
Fig. 3. Modeling and simulation result of the high performance steel frame using Physibel TRISCO 12.0W 
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has differences of 0.135~0.197 W/m2K, and the Ucw of case E and H has a difference of 0.077~0.112 
W/m2K. If we use the Ucw of case E as an input value of thermal transmittance of the curtain wall 
system based on the result of the test certificate, the actual values of Ucw can be 4~12 % higher or 
7~12 % lower than the test value according to the curtain wall module design. If the actual frame ratio is 
not used in the test of Ucw, the difference between actual values of Ucw and test values of Ucw are likely to 
become apparent. 
 
 
4. Conclusions 
 
A curtain wall system provides a significant opportunity to apply various frame ratios depending on 
the frame material and façade design. For years, aluminum has been widely used because it is 
lightweight and resistant to corrosion, and offers design flexibility. Recently, the steel frame has 
reemerged as a high-performance material in glazed curtain walls due to advances in manufacturing 
technologies [6]. The thermal transmittance of a curtain wall system is commonly measured by the 
guarded hot-box method according to the measuring standards for windows and doors because there is 
no specific standard for curtain wall. For this reason, it is not only difficult to consider the difference 
between the frame ratio of curtain wall systems in the test, but the size and configuration of specimens has 
usually been limited on account of hot-box size. 
The standardized size of specimens is an advantage when the different type of curtain wall systems 
should be compared under the same condition. In this case, it is better to ignore the actual frame ratio. 
However, when we conduct building energy simulation for estimating annual building energy 
consumption, it is definitely important to apply the actual frame ratio. In this paper, it was found that 
when the higher frame ratio is applied to the curtain wall system, the thermal transmittance of curtain wall 
is higher. It means that the higher frame ratio can be a cause of the lower thermal performance of the 
curtain wall system. Furthermore, the frame ratio has greater effect on the thermal transmittance of curtain 
wall when high performance glazing is applied to the curtain wall system. If a provider of a curtain wall 
system reports an Ucw value in the certificate of a product tested at the lower frame ratio, the consumer is 
unlikely to think of the changes that may occur after the actual frame ratio has been applied. Therefore, 
it is recommended that the certificates of a curtain wall system should show the frame ratio that was 
applied during testing or the accurate Ucw value considering actual frame ratio should be submitted for 
more reasonable building energy simulation. 
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